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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a solid electrolyte battery incorporating a solid electrolyte or a gel electro- 
lyte. 

w Description of the Related Art 

[0002] In recent years, the performance of electronic apparatuses represented by video cameras and portable tel- 
ephones has significantly been improved and the sizes of the same have considerably been reduced. Also size reduc- 
tion and improvement in the performance of secondary batteries serving as power sources for the electronic 
is apparatuses have been required. Hitherto, lead batteries and nickel -cadmium batteries have been employed as the 
secondary batteries. Moreover, research and development of new nonaqueous-electrolyte secondary batteries have 
energetically been performed each of which contains lithium or a lithium alloy as an active material of a negative elec- 
trode. 

[0003] The nonaqueous-electrolyte secondary battery containing lithium or the lithium alloy as the active material 
20 of the negative electrode exhibits a high energy density. The foregoing nonaqueous-electrolyte secondary battery suf- 
fers from a problem in that the performance deteriorates owing to growth of dendrite and undesirable shortening of the 
lifetime against charge and discharge cycles. A nonaqueous-electrolyte secondary battery contains, as the active mate- 
rial of the negative electrode, a material, such as a substance, which is able to dope/dedope lithium ions. Moreover, the 
nonaqueous-electrolyte secondary battery contains, as the active material of the positive electrode, a composite lithium 
25 oxide, such as lithium-cobalt oxide or lithium-nickel oxide. The nonaqueous-electrolyte secondary battery having the 
above-mentioned structure is free from deposition and dissolution reactions of lithium when the reactions of the elec- 
trodes are performed. Therefore, the nonaqueous-electrolyte secondary battery exhibits excellent lifetime against 
charge/discharge cycles. 

[0004] Recently, a so-called solid electrolyte battery has been suggested as the nonaqueous-electrolyte secondary 
30 battery which contains a carbon material or graphite to constitute the negative electrode. The solid electrolyte battery 
contains a solid electrolyte or a gel electrolyte. Among the solid electrolyte batteries, a solid electrolyte battery of a type 
containing a gel electrolyte obtained by plasticizing a polymer material with nonaqueous electrolyte solution exhibits 
high ion conductivity at room temperatures. Therefore, the above-mentioned secondary batteries have been expected 
as promising secondary batteries. 
35 [0005] The foregoing solid electrolyte battery is free from apprehension of leakage of solution and a necessity for 
providing a sealing structure using an outer can which has been required for the conventional structure. Therefore, the 
battery can be manufactured by encapsulating a winding-type electrode consisting of a positive electrode and a nega- 
tive electrode with a moistureproof laminated film. Therefore, the solid electrolyte battery permits reduction in the weight 
and thickness as compared with the conventional structure. As a result, the energy density of the battery can further- 
40 more be improved. 

[0006] The solid electrolyte battery of the foregoing type suffers from a problem in that the discharge load charac- 
teristics is inferior to those of the nonaqueous-electrolyte secondary battery because the ion conductivity of the gel 
electrolyte is half of the ion conductivity of the nonaquaous electrolyte. 

45 SUMMARY OF THE INVENTION 

[0007] To overcome the foregoing problems experienced with the conventional techniques, an object of the present 
invention is to provide a solid electrolyte battery which does not deteriorate discharge load characteristics thereof and 
which is able to raise the energy density. 

so [0008] To achieve the foregoing object, according to one aspect of the present invention, there is provided a solid 
electrolyte battery comprising: a wound electrode incorporating a positive electrode incorporating an elongated posi- 
tive-electrode collector having two sides on which positive-electrode active material layers are formed, a negative elec- 
trode incorporating an elongated negative-electrode collector having two sides on which negative-electrode active 
material layers are formed and a solid electrolyte layer formed between the positive electrode and the negative elec- 

55 trode such that the positive electrode and the negative electrode are laminated and wound, wherein when an assump- 
tion is made that the total thickness of a pair of the positive-electrode active material layers formed on the two sides of 
the collector for the positive electrode is total film thickness A and the total thickness of a pair of the negative-electrode 
active material layers formed on the two sides of the collector for the negative electrode is total thickness B, the total 
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film thickness A of the positive-electrode active material layers satisfies a range from 60 to 1 50 ^im, and ratio A/B of 
the total film thickness A of the positive-electrode active material layers with respect to the total thickness B of the neg- 
ative-electrode active material layers satisfies a range from 0.5 to 1 ,2. 

[0009] Since the solid electrolyte battery according to the present invention is structured as described above, the 
energy density of the battery can be raised without deterioration in the discharge load characteristics of the battery 
when an optimum value of the thickness ratio A/B of the total film thickness A of the negative-electrode active material 
layers with respect to the total thickness B of the negative-electrode active material layers is obtained. 
[0010] Other objects, features and advantages of the invention will be evident from the following detailed descrip- 
tion of the preferred embodiments described in conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] 



is Fig. 1 is an exploded perspective view showing the structure of a polymer lithium-ion secondary battery according 
to an embodiment of the present invention; 

Fig. 2 is a perspective view showing the structure of the polymer lithium ion secondary battery; 
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Fig. 3 is a diagram schematically showing the structure of a winding-type electrode of the polymer lithium-ion sec- 
ondary battery; 

Fig. 4 is a vertical cross sectional view showing the structure of a positive electrode of the polymer lithium-ion sec- 
ondary battery; 

Fig. 5 is a vertical cross sectional view showing a gel electrolyte layer formed on the positive electrode of the poly- 
mer lithium-ion secondary battery; 

Fig. 6 is a plan view showing the structure of the positive electrode of the polymer lithium-ion secondary battery; 

Fig. 7 is a vertical cross sectional view showing the structure of a negative electrode of the polymer lithium-ion sec- 
ondary battery; 

Fig. 8 is a vertical cross sectional view showing a gel electrolyte layer formed on the negative electrode of the pol- 
35 ymer lithium-ion secondary battery; 

Fig. 9 is a plan view showing the structure of the negative electrode of the polymer lithium-ion secondary battery; 

Fig. 1 0 is a cross sectional view showing an essential portion of the structure of a laminated film of the polymer lith- 
40 ium-ion secondary battery; 

Fig. 1 1 is a side view viewed from an arrow C shown in Fig. 2 and showing an essential portion; 
Fig. 12 is a graph showing the relationship between thickness ratios and capacity ratios* and 

45 

Fig. 13 is a graph showing the relationship between thickness ratios and energy densities. 
DESCRIPTION OF TH F PREFERRED EMBODIMENTS 

so [001 2] An embodiment of the present invention will now be described with reference to the drawings Referring to 
Figs. 1 and 2, the structure of the polymer lithium-ion secondary battery 1 according to the embodiment of the present 
invention will now be described. A positive-electrode lead wire 3 and a negative-electrode lead wire 4 connected to a 
wound electrode 2 and serving as external terminals are drawn out to the outside portion. The wound electrode 2 is 
encapsulated by an upper laminated film 6 and a lower laminated film 7 which constitute a case member 5 

55 [001 3] As shown in Fig. 3, the wound electrode 2 is structured such that a positive electrode 8 and a negative elec- 
trode 9 are laminated and wound through a separator 10. A gel electrolyte layer 1 1 is formed between the positive elec- 
trode 8 and the separator 10 and between the negative electrode 9 and the separator 10. 

[0014] As shown in Fig. 4, the positive electrode 8 is constituted by forming a positive-electrode active material 
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layer 13 on each of the two sides of a positive- electrode collector 12. Moreover, the positive electrode 8 has a gel elec- 
trolyte layer 1 1 formed on each of the positive-electrode active material layers 13 formed on the two sides thereof, as 
shown in Fig. 5. 

[001 5] As shown in Figs. 4 and 5, an assumption about the positive electrode 8 is made that the thicknesses of the 
5 positive-electrode active material layers 1 3 formed on the two sides of the positive-electrode collector 1 2 are A 1 and A 2 . 
Another assumption is made that the total thickness of the pair of the positive-electrode active material layers 13 is A. 
Therefore, the total film thickness A of the positive-electrode active material layers 13 can be obtained by calculating A-j 
+ A 2 . 

[0016] The positive-electrode collector 12 may be constituted by metal foil, such as aluminum foil, nickel foil or 
10 stainless steel foil. It is preferable that the foregoing metal foil is porous metal foil. When the porous metal foil is 
employed, the adhesive strength between the collector and the electrode layers can be raised. The porous metal foil 
may be punching metal, expand metal or metal foil having a multiplicity of openings formed by performing an etching 
process. 

[001 7] The positive-electrode active material for constituting the positive-electrode active material layers 1 3 may be 

is metal oxide, metal sulfide or a specific polymer material. 

[0018] The positive-electrode active material may be Li x M0 2 (where M is one or more types of transition metal, 
preferably Co, Ni or Mn and x which varies depending on the state of charge/discharge of the battery satisfies 0.05 < x 
< 1 .12). It is preferable that the transition metal constituting the composite lithium oxide is Co, Ni or Mn. The composite 
lithium oxide is exemplified by LiCo0 2 , LiNi0 2 , LiNi y C0|. y O 2 (where 0 < y < 1) and LiMn 2 0 4 . 

20 [0019] . Two or more types of the positive-electrode active materials may be mixed to constitute the positive-elec- 
trode active material layers 13. When the positive-electrode active material layers 13 is formed, a known conducting 
material and/or a known binder may be added. 

[0020] As shown in Fig. 6, the positive electrode 8 has a lengthwise-directional end at which an exposed portion 
1 2a is formed in which the positive-electrode collector 1 2 is exposed to correspond to the width of the positive-electrode 
25 lead wire 3. The positive-electrode lead wire 3 is joined to the exposed portion 1 2a of the positive-electrode collector 1 2 
such that the positive-electrode lead wire 3 is drawn out from a widthwise-directional end of the exposed portion 12a of 
the positive-electrode collector 12. 

[0021] As shown in Fig. 7, the negative electrode 9 has negative-electrode active material layer 1 5 formed on each 
of the two sides of the negative-electrode collector 14. As shown in Fig. 8, the negative electrode 9 incorporates the 
30 negative-electrode active material layer 15 formed on each of the two sides thereof and having the gel electrolyte layer 
1 1 formed on each of the two sides thereof. 

[0022] As shown in Figs. 7 and 8 ( an assumption about the negative electrode 9 is made that the thicknesses of the 
negative-electrode active material layers each of which is formed on each of the two sides of the negative-electrode col- 
lector are B-i and B 2 . Another assumption is made that the total thickness of the pair of the negative-electrode active 
35 material layers is B. The total film thickness B of the negative-electrode active material layers can be obtained by cal- 
culating B-i + B 2 . 

[0023] The negative-electrode collector 14 may be constituted by metal foil, such as copper foil, nickel foil or stain- 
less steel foil. It is preferable that the metal foil is porous metal foil. Since the porous metal foil is employed, the adhesive 
strength between the collector and the electrode layer can be raised. The porous metal foil may be any one of punching 

40 metal, expand metal and metal foil having a multiplicity of openings formed by performing an etching process. 

[0024] It is preferable that the negative-electrode active material for constituting the negative-electrode active mate- 
rial layers 15 is a material which is capable of doping/dedoping lithium. The material capable of doping/dedoping lithium 
is exemplified by graphite, a non-graphitizable carbon material and a graphitizable carbon material. The carbon material 
is exemplified by carbon black, such as pyrolysis carbon or acetylene black, graphite, vitreous carbon, active carbon, 

45 carbon fiber, a sintered compact of organic polymer, a sintered compact of coffee beans, a sintered compact of cellu- 
lose and a sintered compact of bamboo. 

[0025] Two or more types of the negative-electrode active materials may be mixed to constitute the negative-elec- 
trode active material layers 15. When the negative-electrode active material layers 15 is constituted, a known conduct- 
ing material and/or a known binder may be added. 

so [0026] As shown in Fig. 9, the negative electrode 9 has an exposed portion 1 4a in which the negative-electrode col- 
lector 14 is exposed to correspond to the width of the negative- electrode lead wire 4, the exposed portion 14a being 
formed at a lengthwise-directional end of the negative electrode 9. A negative-electrode lead wire 4 is joined to the 
exposed portion 14a in which the negative-electrode collector 14 is exposed in such a manner that the negative-elec- 
trode lead wire 4 is drawn out from a widthwise-directional end of exposed portion 14a. 

55 [0027] It is preferable that the separator 10 is constituted by a thin film having small pores and exemplified by poly- 
propylene, polyethylene or their composite material. It is furthermore preferable that a thin film having small pores is 
employed which has improved wettability with respect to electrolyte solution by using a surface active agent or by per- 
forming a corona discharge process. As a result, rise in the resistance in the battery can be prevented. 
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[0028] When the gel electrolyte layer 1 1 is formed, a nonaqueous solvent may be employed which is exemplified by 
ethylene carbonate, polypropylene carbonate, butylene carbonate, y-butyl lactone, y-valerolactone, diethoxyethane, tet- 
rahydrofuran, 2-methyl tetrahydrofuran, 1, 3-dioxane, methyl acetate, methyl propiolic acid, dimethyl carbonate, diethyl 
carbonate, ethylmethyl carbonate, 2, 4-difluoroanisole, 2, 6-d*rfluoroanisole and 4-bromoveratrole. The foregoing mate- 
5 rial may be employed solely or two or more types of the foregoing materials may be employed as mixed solvent. 

[0029] When a moistureproof laminated film is employed to constitute the case member 5, the nonaqueous solvent 
may be composed of a combination of the following materials having a boiling point of 150°C or higher and exemplified 
by ethylene carbonate, polypropylene carbonate, y-butyl lactone, 2, 4-difluoroanisole, 2, 6-difluoroanisole and 4-bro- 
moveratrole. 

10 [0030] When the gel electrolyte layer 1 1 is formed, an electrolyte salt is employed which is exemplified by lithium 
salt, such as LiPF 6 , LiAsF 6 , UBF 4 , LiCI0 4 , LiCF 3 S0 3 , Li (CF 3 S0 2 )2N and LiC 4 F 9 S0 3 . The foregoing lithium salt may 
be employed solely or two or more types of the lithium salts may be combined. It is preferable that the quantity of the 
electrolyte salt which must be added is such that the molar concentration in the nonaqueous electrolyte in the gel elec- 
trolyte is 0.10 mol/l to 2.0 mol/l in order to realize a satisfactory ion conductivity. 

rs [0031] When the gel electrolyte layer 11 is formed, the polymer material for preparing the gel electrolyte is 
employed. The polymer material may be polyvinylidene fluoride or copolymer of polyvinylidene fluoride. The copolymer 
monomer is exemplified by hexafiuoropolypropylene and tetrafluoroethylene. 

[0032] The polymer material for constituting the gel electrolyte may be, for example, polyacrylonitrile or a copolymer 
of polyacrylonitrile. The copolymer monomer (vinyl monomer) may be any one of the following materials: for example, 

20 vinyl acetate, methyl methacrylate, butyl methacrylate, methyl acrylate, butyl acrylate, itaconic acid, methyl acrylate 
hydride, ethylacrylate hydride, acrylamide, vinyl chloride, vinylidene fluoride and vinylidene chloride. As an alternative 
to this, any one of the following materials may be employed: acrylonitrile butadiene rubber, acrylonitrile butadiene-sty- 
rene resin, acrylonitrile polyethylene-propylene-dienestyrene chloride resin, acrylonitrile vinyl chloride resin, acryloni- 
trile methaacrylate resin and acrylonitrile acrylate resin. 

25 [0033] The polymer material for constituting the gel electrolyte may be polyethylene oxide or a copolymer of poly- 
ethylene oxide. The copolymer monomer may be, for example, polypropylene oxide, methyl methacrylate, butyl meth- 
acrylate, methyl acrylate or butyl acrylate. 

[0034] The polymer material for constituting the gel electrolyte may be polyether denatured siloxane or its copoly- 
mer. 

30 [0035] The polymer material for constituting the gel electrolyte may be employed solely or two or more types of the 
foregoing materials may be mixed. 

[0036] To obtain a satisfactory gel electrolyte of the gel electrolyte layer 1 1 , it is preferable that the quantity of the 
polymer material which must be added is, for example, about 5 % to about 50 % with respect to the weight of the elec- 
trolyte solution. Although the gel electrolyte is employed as the solid electrolyte of the gel electrolyte layer 1 1 , any mate- 
35 rial having an ion conductivity of 1 mS/cm or greater at room temperatures may be employed as a substitute for the gel 
solid electrolyte. For example, a solid polymer electrolyte may be employed which is composed of a polymer material 
obtained by swelling nonaqueous solution which contains the foregoing electrolyte salt. The polymer material for con- 
stituting the solid electrolyte may be, for example, polyethylene oxide, polypropylene oxide, polyphosphagen or polysi- 
Ipxane. 

40 [0037] Although the laminated electrolyte 2 has the structure that the separator is disposed between the positive 
electrode 8 and the negative electrode 9, the present invention is not limited to the foregoing structure. A structure may 
be employed in which a gel electrolyte layer 10 is formed between the positive electrode 8 and the negative electrode 
9 as a substitute for the structure in which the separator is disposed between the positive electrode 8 and the negative 
electrode 9. 

45 [0038] The positive-electrode lead wire 3 and the negative-electrode lead wire 4 may be made of metal, such as 
aluminum, copper, nickel or stainless steel. Each of the positive-electrode lead wire 3 and the negative-electrode lead 
wire 4 is formed into a thin plate-like shape or a mesh shape. The positive-electrode lead wire 3 and the negative-elec- 
trode lead wire 4 are joined to the corresponding exposed portion 12a of the positive-electrode collector 12 and the 
exposed portion 14a of the negative electrode 14 of the negative electrode 9 by, for example, resistance welding or 

so supersonic welding. 

[0039] As shown in Fig. 10, the case member 5 must have moistureproofing characteristic. For example, the case 
member 5 has a three-layer structure obtained by bonding the nylon film 1 6, the aluminum foil 1 7 and the polyethylene 
film 18 in this sequential order. As shown in Figs. 1 and 2, the case member 5 has a projecting structure such that the 
upper laminated film 6 accommodates the wound electrode 2 and an outer end portion 6a which must be welded is left. 
55 [0040] When the wound electrode 2 is encapsulated in the case member 5, the outer end portion 6a of the upper 
laminated film 6 and the lower laminated film 7 are welded to each other with heat such that the polyethylene film of the 
upper laminated film 6 and that of the lower laminated film 7 face inside. Then, the internal pressure is reduced and the 
case member 5 is sealed. At this time, the case member 5 encapsulates the wound electrode 2 such that the positive- 



5 



EP 0 994 521 A1 



electrode lead wire 3 and the negative-electrode lead wire 4 are drawn out from the case member 5. 
[0041] The structure of the case member 5 is not limited to the foregoing structure. For example, a structure may 
be employed in which a laminated film formed into a bag shape encapsulates the wound electrode 2. In the foregoing 
case, the wound electrode 2 is accumulated in the case member 5. Then, the pressure in the case member 5 is reduced 
5 and the case member 5 is sealed such that the positive-electrode lead wire 3 and the negative-electrode lead wire 4 
are drawn out to the outside portion. 

[0042] As shown in Figs. 1 , 2 and 1 1 , when the wound electrode 2 is encapsulated in the case member 5, the upper 
and lower fusible films 19 made of polyolefine resin are placed on the contact portion among the case member 5, the 
positive-electrode lead wire 3 and the negative-electrode lead wire 4 to hold the positive-electrode lead wire 3 and the 

10 negative-electrode lead wire 4. 

[0043] The fusible film 19 must have adhesivity with respect to the positive-electrode lead wire 3 and the negative- 
electrode lead wire 4. For example, polyolefine resin which is the material of the fusible film 19 is exemplified by poly- 
ethylene, polypropylene, denatured polyethylene, denatured polypropylene and a copolymer of any one of the foregoing 
materials. It is preferable that the thickness of the fusible film 19 realized before the fusible film 19 is fused with heat 

is satisfies 20 urn to 200 iitr\. If the thickness which is realized before the fusible film 19 is fused is smaller than 20 |im, 
easy handling is not permitted. If the thickness which is realized before the fusible film 19 is fused is larger than 200 ^m, 
water easily penetrates the fusible film 19. In this case, airtightness in the battery cannot easily be maintained, 
[0044] Therefore, when the wound electrode 2 is encapsulated in the case member 5, the fusible film 19 is welded 
by performing a heat welding operation. Thus, the adhesiveness among the positive-electrode lead wire 3, the negative- 

20 electrode lead wire 4 and the case member 5 can furthermore be improved. 

[0045] The polymer lithium-ion secondary battery 1 according to the present invention has the above-mentioned 
structure which is characterized in that the total film thickness A of the positive-electrode active material layers 13 sat- 
isfies the range from 60 urn to 150 urn. Moreover, the ratio A/B of the total film thickness A of the positive-electrode 
active material layers 1 3 with respect to the total film thickness B of the negative-electrode active material layers 1 5 sat- 

25 isfies the range from 0.5 to 1 .2. 

[0046] The optimum thickness ratio A/B of the total film thickness A of the positive-electrode active material layers 
with respect to the total film thickness B of the negative-electrode active material layer is obtained as described above. 
Therefore, the discharge load characteristic of the battery can be improved. Thus, the energy density of the battery can 
furthermore be raised. 

30 [0047] When the gel electrolyte of the gel electrolyte layer 1 1 is polyvinylidene fluoride, it is preferable that a gel 
electrolyte is employed which is composed of multiple polymer obtained by copolymerizing polyhexafluoropolypropyl- 
ene or polytetraf luoroethylene. As a result, a gel electrolyte having higher mechanical strength can be obtained. 
[0048] To raise the mechanical strength of the gel electrolyte layer 11, it is preferable that a gel electrolyte is 
employed which is composed of polymer obtained by copolymerizing hexafluoropolypropylene at a ratio which is lower 

35 than 8 wt% with respect to polyvinylidene fluoride. More preferably, a gel electrolyte is employed which is composed of 
polymer obtained by block-copolymerizing hexafluoropolypropylene at a ratio not less than 3 wt% nor more than 7.5 
wt%. 

[0049] The reason why the ratio of the hexafluoropolypropylene is 7.5 wt% or lower lies in that satisfactory strength 
cannot be realized when the ratio is higher than the above-mentioned value. The reason why the ratio is 3 wt% or higher 
40 lies in that the effect of improving the solvent maintaining performance by copolymerizing hexafluoropolypropylene can- 
not satisfactorily be obtained. In this case, solvent in a sufficiently large quantity cannot be maintained. 
[0050] It is preferable that the total thickness A + B of the total film thickness A of the positive-electrode active mate- 
rial layer and the total film thickness B of the negative-electrode active material layer is 500 or smaller, more prefer- 
ably 300 or smaller. 

45 

Ex a m p le s 

[0051] Examples of the polymer lithium-ion secondary battery according to the present invention will now be 
described. Moreover, comparative examples manufactured to be compared with the examples will now be described. 

so 

Example 1 

[0052] In Example 1 , the positive electrode was manufactured by initially mixing marketed lithium carbonate and 
cobalt carbonate such that the composition ratio of lithium atoms and cobalt atoms was 1:1. Then, the mixture was cal- 
55 cinated in air at 900°C for 5 hours, resulting in obtaining lithium cobalt oxide (LiCo0 2 ) which was employed as the active 
material of the positive electrode. The lithium cobalt oxide in a quantity of 91 wt%, carbon black sewing as a conducting 
material in a quantity of 6 wt% and polyvinylidene fluoride sewing as a binder in a quantity of 3 wt% were mixed so that 
a mix for constituting the positive electrode was obtained. The mix for the positive electrode is dispersed in N-methyl- 
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pyrolidone so that slurry (in the form of paste) was obtained. Then, the obtained mix slurry for the positive electrode was 
uniformly applied to the two sides of aluminum foil which was formed into the collector of the positive electrode and 
which had a thickness of 20 urn. Then, the two sides of the aluminum foil were dried, and then a roller pressing machine 
was operated to compression-mold the aluminum foil so that an elongated positive electrode was manufactured. 

5 [0053J The thicknesses and A 2 of the positive-electrode active material layer formed on each of the two sides of 
the collector of the positive electrode were substantially the same. The total film thickness A of the pair of the active 
material of the positive electrode was 60 ^m. The density of the positive-electrode active material layer was 3.6 g/cm 3 . 
[0054] The negative electrode was manufactured such that graphite in a quantity of 90 wt% and polyvinylidene flu- 
oride serving as the binder in a quantity of 10 wt% were mixed so that a mix for the negative electrode was obtained. 

io The mix for the negative electrode was dispersed in N-methylpyrolidone so that slurry (in the form of paste) was 
obtained. Then, the obtained mix slurry for the negative electrode was uniformly applied to the two sides of copper foil 
which was formed into the collector of the negative electrode and which had a thickness of 15 jam. Then, the two sides 
of the copper foil were dried, and then a roller pressing machine was operated to compression-moid the copper foil so 
that an elongated negative electrode was manufactured. 

15 [0055] The thicknesses B 1 and B 2 of the negative-electrode active material layer formed on each of the two sides 
of the collector of the negative electrode were substantially the same. The total film thickness B of the pair of the active 
material of the negative electrode was 50 urn. The density of the negative-electrode active material layer was 1 .6 g/cm 3 . 
[0056] Therefore, the thickness ratio A/B of the total film thickness A of the positive- electrode active materia! layer 
with respect to the toiai fiim thickness B of the negative-electrode active material layer was 1.20. 

20 [0057] The negative- electrode lead wire made of mesh-shape copper was spot-welded to the negative electrode, 
while a positive-electrode lead wire made of mesh-shape aluminum was spot-welded to the positive electrode. The neg- 
ative and positive electrode lead wires served as terminals for producing external outputs. 

[0058] The gel electrode layer was formed by using a polymer material obtained by block-copolymerizing polyvinyli- 
dene fluoride and hexafluoropolypropylene at a weight ratio of 93:7. Initially, 2, 4-difluoroanisole in a quantity of 1 wt% 

25 was added to solution obtained by mixing dimethylcarbonate in a quantity of 80 parts by weight, y-butyllactone in quan- 
tity of 42 parts by weight, ethylene carbonate in a quantity of 50 parts by weight propylene carbonate in a quantity of 8 
parts by weight and LiPF 6 in a quantity of 1 8 parts by weight. Then, copolymer of polyvinylidene fluoride and hexafluor- 
opolypropylene in a quantity of 10 wt% was added to the foregoing solution so as to uniformly dispersed by a homoge- 
nizes Then, the solution was heated and stirred at 75°C. After the mixed solution was changed to a colorless and 

30 transparent state, stirring was interrupted. Then, the solution was uniformly applied to the two sides of each of the pos- 
itive electrode and the negative electrode by using a doctor blade. Then, the structure was placed in a drying furnace 
set to 70°C for three minutes so that a gel electrolyte layer having a thickness of about 25 |im was formed on the surface 
of each of the positive electrode and the negative electrode. 

[0059] While thus-manufactured negative electrode and the positive electrode were being laminated, the negative 
35 electrode and the positive electrode were wound many times. Thus, a wound electrode was manufactured. The 
obtained wound electrode was encapsulated into a laminated film under reduced pressure while the lead wire of the 
negative electrode and the lead wire of the positive electrode were being drawn out to the outside portion. As a result, 
a polymer lithium-ion secondary battery was manufactured. 

to Examples 2 to 4 

[0060] Polymer lithium-ion secondary batteries according to Examples 2 to 4 were manufactured similarly to Exam- 
ple 1 except for the total film thickness A of the positive-electrode active material layer which was identically 60 urn and 
the total film thicknesses B of the negative-electrode active material layer which were as shown in Table 1 . In Examples 
45 2 to 4, the thickness ratios A/B of the total film thickness A of the positive-electrode active material layer with respect to 
the total film thickness B of the negative-electrode active material layer were made to be 1 .00, 0.80 and 0.60 by chang- 
ing the total film thickness B of the negative-electrode active material layer. 

Examples 5 to 8 

50 

[0061] Polymer lithium-ion secondary batteries according to Examples 5 to 8 were manufactured similarly to Exam- 
ple 1 except for the total film thickness A of the positive-electrode active material layer which was identically 90 urn and 
the total film thicknesses B of the negative-electrode active material layer which were as shown in Table 1 . In Examples 
5 to 8, the thickness ratios A/B of the total film thickness A of the positive-electrode active material layer with respect to 
55 the total film thickness B of the negative-electrode active material layer were made to be 1 .00, 0.80 and 0.60 by chang- 
ing the total film thickness B of the negative-electrode active material layer. 
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Examples 9 to 12 

[0062] Polymer lithium-ion secondary batteries according to Examples 9 to 12 were manufactured similarly to 
Example 1 except for the total film thickness A of the positive-electrode active material layer which was identically 120 
5 jim and the total film thicknesses B of the negative-electrode active material layer which were as shown in Table 1 . In 
Examples 9 to 1 2, the thickness ratios A/B of the total film thickness A of the positive-electrode active material layer with 
respect to the total film thickness B of the negative-electrode active material layer were made to be 1 .00, 0.80 and 0.60 
by changing the total film thickness B of the negative-electrode active material layer. 

w Examples 13 to 16 

[0063] Polymer lithium-ion secondary batteries according to Examples 13 to 16 were manufactured similarly to 
Example 1 except for the total film thickness A of the positive-electrode active material layer which was identically 150 
pirn and the total film thicknesses B of the negative-electrode active material layer which were as shown in Table 1 . In 
is Examples 13 to 16, the thickness ratios A/B of the total film thickness A of the positive-electrode active material layer 
with respect to the total film thickness B of the negative-electrode active material layer were made to be 1 .00, 0.80 and 

0. 60 by changing the total film thickness B of the negative-electrode active material layer. 

Comparative Examples 1 to 3 

20 

[0064] Polymer lithium-ion secondary batteries according to Comparative Examples 1 to 3 were manufactured sim- 
ilarly to Example 1 except for the total film thickness A of the positive-electrode active material layer which was identi- 
cally 60 urn and the total film thicknesses B of the negative-electrode active material layer which were as shown in Table 

1 . In Comparative Examples 1 to 3, the thickness ratios A/B of the total film thickness A of the positive-electrode active 
25 material layer with respect to the total film thickness B of the negative-electrode active material layer were made to be 

1 .40, 0.40 and 0.20 by changing the total film thickness B of the negative-electrode active material layer. 

Comparative Examples 4 to 6 

30 [0065] Polymer lithium-ion secondary batteries according to Comparative Examples 4 to 6 were manufactured sim- 
ilarly to Example 1 except for the total film thickness A of the positive-electrode active material layer which was identi- 
cally 90 |im and the total film thicknesses B of the negative-electrode active material layer which were as shown in Table 
1 . In Comparative Examples 4 to 6, the thickness ratios A/B of the total film thickness A of the positive-electrode active 
material layer with respect to the total film thickness B of the negative-electrode active material layer were made to be 

35 1 .40, 0.40 and 0.20 by changing the total film thickness B of the negative-electrode active material layer. 

Comparative Examples 7 to 9 

[0066] Polymer lithium-ion secondary batteries according to Comparative Examples 7 to 9 were manufactured sim- 
40 ilarly to Example 1 except for the total film thickness A of the positive-electrode active material layer which was identi- 
cally 120 jim and the total film thicknesses B of the negative-electrode active material layer which were as shown in 
Table 1 . In Comparative Examples 7 to 9, the thickness ratios A/B of the total film thickness A of the positive-electrode 
active material layer with respect to the total film thickness B of the negative-electrode active material layer were made 
to be 1 .40, 0.40 and 0.20 by changing the total film thickness B of the negative-electrode active material layer. 

45 

Comparative Examples 10 to 12 

[0067] Polymer lithium-ion secondary batteries according to Comparative Examples 10 to 12 were manufactured 
similarly to Example 1 except for the total film thickness A of the positive-electrode active material layer which was iden- 
so tically 150 urn and the total film thicknesses B of the negative-electrode active material layer which were as shown in 
Table 1 . In Comparative Examples 1 0 to 1 2. the thickness ratios A/B of the total film thickness A of the positive-electrode 
active material layer with respect to the total film thickness B of the negative-electrode active material layer were made 
to be 1 .40, 0.40 and 0.20 by changing the total film thickness B of the negative-electrode active material layer. 

55 Comparative Examples 13 to 19 

[0068] Polymer lithium-ion secondary batteries according to Comparative Examples 13 to 19 were manufactured 
similarly to Example 1 except for the total film thickness A of the positive-electrode active material layer which was iden- 
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tically 180 pm and the total film thicknesses B of the negative-electrode active material layer which were as shown in 
Table 1 . In Comparative Examples 1 3 to 1 9, the thickness ratios A/B of the total film thickness A of the positive-electrode 
active material layer with respect to the total film thickness B of the negative-electrode active material layer were made 
to be 1 .40, 1 .20, 1 .00, 0.80, 0.60, 0.40 and 0.20 by changing the total film thickness B of the negative-electrode active 
material layer. 



Table 1 





Total Film 
Thickness A of 
Positive Electrode 
(^m) 


Total Film 
Thickness B of 

Negative 
Electrode (urn) 


Film Thickness 
Ratio A/B 


Example 1 


60 


50 


1.20 


Example 2 


60 


60 


1.00 


Example 3 


60 


75 


0.80 


Example 4 


60 


100 


0.60 


Example 5 


90 


75 


1.20 
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Example 6 


90 


OA 

90 


1 AA 
1.00 


5 


Example 7 


90 


113 


A GA 

O.oO 




Example 8 


OA 

90 


1 CA 

100 


A <A 

O.oO 


10 


Example 9 


120 


100 


1 OA 

1.20 


example 10 


120 


120 


1 AA 
1.00 




Example 11 


120 


150 


O.oO 


15 


Example 12 


120 


200 


0.60 




Example 13 


150 


125 


1.20 




Example 14 


150 


150 


1.00 


20 


Example 15 


150 


188 


0.80 




Example 16 


150 


250 


0.60 


25 


Comparative 
Example 1 


60 


43 


1.40 


30 


Comparative 
Example 2 


60 


150 


0.40 


Comparative 
Example 3 


60 


300 


0.20 


35 


Comparative 
Example 4 


90 


64 


1.40 




Comparative 
Example 5 


90 


225 


0.40 


40 


Comparative 
Example 6 


90 


450 


0.20 


45 


Comparative 
Example 7 


120 


86 


1.40 




Comparative 
Example 8 


120 


300 


0.40 



50 
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5 


Comparative 
Example 9 


120 


600 


0.20 




Comparative 
Example 10 


150 


107 


1.40 


10 


Comparative 
Example 11 


150 


375 


0.40 


15 


Comparative 
Example 12 


150 


750 


0.20 




Comparative 
Example 13 


180 


129 


1.40 


20 


Comparative 
Example 14 


180 


150 


1.20 


25 


Comparative 
Example 15 


180 


180 


1.00 




Comparative 
Example 16 


180 


225 


0.80 


30 


Comparative 
Example 17 


180 


300 


0.60 




Comparative 
Example 18 


ISO 


450 


0.40 


35 


Comparative 
Example 19 


180 


900 


0.20 



40 





Capacity Ratio 

(%) 


Energy Density 
(Wh/1) 


Example 1 


93 


205 


Example 2 


92 


230 


Example 3 


91 


223 



50 
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example 4 


0/1 

y4 


11 H 


5 


oxampie 3 


o4 


hi c 




example o 




HA H 

Z4Z 


10 


example / 


oz 


Zo4 




Example 8 


QC 
OJ 


HHQ 

ZZo 


15 


Example 9 


Id 


HH*Z 




example iu 


HC 

/O 


HCA 

254 




Example 11 


HA 
/4 


24o 


20 


Example 12 


/o 






Example 13 


DO 


223 


25 


Example 14 


67 


250 




Example 15 


66 


242 


30 


Example 16 


69 


236 




Comparative 
Example 1 


92 


192 


35 


Comparative 
Example 2 


92 


206 


40 


Comparative 
Example 3 


90 


198 




Comparative 
Example 4 


83 


202 


45 


Comparative 
Example 5 


83 


216 


50 


Comparative 
Example 6 


81 


208 
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10 



15 



20 



25 



30 



35 



40 



45 



Comparative 
Example 7 



Comparative 
Example 8 



Comparative 
Example 9 



Comparative 
Example 10 



Comparative 
Example 11 



Comparative 
Example 12 



Comparative 
Example 13 



Comparative 
Example 14 



Comparative 
Example 15 



Comparative 
Example 16 



Comparative 
Example 17 



Comparative 
Example 18 



Comparative 
Example 19 



75 



75 



73 



67 



67 



66 



54 



54 



54 



53 



55 



54 



52 



212 



227 



218 



209 



224 



215 



202 



216 



242 



235 



229 



217 



209 



50 



Experi ments for Fvaluatinq Ch aracteristic 

« SSf? c ^ 1 thus - manufactured P 0, ymer lithium-ion secondary batteries according to Examples 1 to 16 and Com 

ZT^7r ♦ 19 SUbj6Cted t0 Char9ing 8nd diSChar9in 9 °P eration experiments J J^nja 
^STr^ T nt " CUrrem constant - voIta 9e method. Then, discharge capacities required to 
Si Tnr?t h nS,t,eS W6re meaSUred " ThG measuremen t was performs by the following method P " 

[0070] initially, charging was started with an electric current of 200 mA. When the voltage of a closed circuit was 
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raised to 4.2 V, the charging method was changed to constant-voltage. After 8 hours were elapsed from the start of the 
experiment, the charging operation was completed. Then, discharge was performed under the constant-current condi- 
tion of 200 mA. When the voltage of the closed circuit was raised to 3.0 V, the discharging operation was completed. 
The foregoing charging/discharging cycles was performed three times. The discharge capacity obtained after the third 

5 discharging operation was performed was measured. 

[0071 ] Then, charging was started with a current value of 500 mA. When the voltage of the closed circuit was raised 
to 4.2 V, the charging method was changed to the constant-voltage charging method. The charging operation was com- 
pleted three hours after the start of the experiment. Then, discharge was performed under the constant-current condi- 
tion of 3000 mA. When the voltage of the closed circuit was raised to 3.0 V, the discharging operation was completed. 

10 [0072] The capacity ratio was evaluated by obtaining the discharge capacity realized at the third cycle and the dis- 
charge capacity at the fourth cycle by using the following equation: 

CxnxrttvRatin - dischar Q e capacity at fourth cycle 1QQ 
Capacity Ratio - discharge capacity at md cycfe * 100 

is [0073] The energy density was evaluated by obtaining the same in accordance with the discharge capacity at the 
third cycle, the average discharge voltage and the volume of the battery. 
[0074] Results of the evaluations were shown in Table 1 . 

[0075] In accordance with the obtained results of the evaluations, the relationship between the thickness ratios and 
the capacity ratios realized when the total film thickness A of the positive-electrode active material layer was 60 jim, 90 
20 iim, 120 urn and 180 um as shown in Fig. 12 were obtained so that the evaluation was performed. Similarly, the rela- 
tionships between the thickness ratios and energy densities as shown in Fig. 13 were obtained so that the evaluation 
was performed. 

[0076] As can be understood from Fig. 12, when the cases where the total film thicknesses A of the positive-elec- 
trode active material layer were 60 jim, 90 um, 120 and 180 um were indicated with five curves, the capacity ratio 

25 of each battery was 65 % or higher when the total film thickness A of the positive-electrode active material layer was 
1 50 ^m or smaller. When the total film thickness A of the positive-electrode active material layer was 60 |im, the capac- 
ity ratio of each battery was 90 % or higher. Therefore, excellent load characteristics were confirmed. 
[0077] When the total film thickness A of the positive-electrode active material layer was 1 80 jim, the capacity ratio 
of the battery was about 50 %. Therefore, a fact was confirmed that a satisfactory capacity ratio was not obtained as 

30 compared with the other batteries. 

[0078] As can be understood from Fig. 1 3, when the cases where the total film thickness A of the positive-electrode 
active material layer was 60 jim, 90 um, 120 um, 150 and 180 were indicated with five curved lines, a fact was 
confirmed that the energy density was improved as the total film thickness A of the positive-electrode active material 
layer was enlarged. When the total film thickness A of the positive-electrode active material layer was 180 *im, the 

35 energy density was undesirably lowered as compared with the case in which the total film thickness A of the positive- 
electrode active material layer was 150 um. When the total film thickness A of the positive-electrode active material 
layer was 60 jim, the energy density was 200 Wh/1 or lower depending on the thickness ratio A/B. In the foregoing case, 
the characteristics required for the battery from the market cannot be satisfied (Comparative Example 1 in which the 
thickness ratio A/B was 1.40 and Comparative Example 3 in which the thickness ratio A/B was 0.20). 

40 [0079] As the thickness ratio A/B was raised, the energy density was raised in any case. When the thickness ratio 
A/B was about 1 .00, the energy density was maximized. If the thickness ratio A/B was furthermore raised, the energy 
density was lowered. 

[0080] Thus, it is preferable that the total film thickness A of the positive-electrode active material layer satisfies the 
range from 60 um to 150 um. It is preferable that the thickness ratio A/B of the total film thickness A of the positive-elec- 
45 trode active material layer with respect to the total film thickness B of the negative-electrode active material layer satis- 
fies the range from 0.5 to 1 .2. 

[0081] As described above, the present invention is structured such that the optimum values of the total film thick- 
ness A of the positive-electrode active material layers of the solid electrolyte battery incorporating the gel electrolyte 
and the thickness ratio A/B of the total film thickness A of the positive-electrode active material with respect to the total 
so film thickness B of the negative-electrode active material layer are obtained. Thus, according to the present invention, 
a solid electrolyte battery can be provided which is able to raise the energy density thereof without deterioration in the 
discharge load characteristics of the battery. 

[0082] Although the invention has been described in its preferred form and structure with a certain degree of par- 
ticularity, it is understood that the present disclosure of the preferred form can be changed in the details of construction 
55 and in the combination and arrangement of parts without departing from the spirit and the scope of the invention as 
hereinafter claimed. 
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Claims 

1 . A solid electrolyte battery comprising: 

5 a wound electrode incorporating a positive electrode incorporating an elongated positive-electrode collector 

having two sides on which positive-electrode active material layers are formed, a negative electrode incorpo- 
rating an elongated negative-electrode collector having two sides on which negative-electrode active material 
layers are formed and a solid electrolyte layer formed between said positive electrode and said negative elec- 
trode such that said positive electrode and said negative electrode are laminated and wound, wherein 

10 when an assumption is made that the total thickness of a pair of said positive-electrode active material layers 

formed on the two sides of said collector for said positive electrode is total film thickness A and the total thick- 
ness of a pair of said negative-electrode active material layers formed on the two sides of said collector for said 
negative electrode is total thickness B, 

the total film thickness A of said positive-electrode active material layers satisfies a range from 60 ^im to 150 
is nm, a nd ra t'o A/B of * h © tote' f' |m thickness A of said positive-electrode active material layers with respect to 

the total thickness B of said negative-electrode active material layers satisfies a range from 0.5 to 1 .2. 

2. A solid electrolyte battery according to claim 1 , wherein said solid electrolyte layer is formed by using a ge! electro- 
lyte composed of polyvinylidene fluoride and copolymer of polyvinylidene fluoride. 

20 

3. A solid electrolyte battery according to claim 2, wherein said solid electrolyte layer is formed by using a gel electro- 
lyte composed of copolymer of polyvinylidene fluoride and hexaf luoropolypropylene. 

4. A solid electrolyte battery according to claim 3, wherein said solid electrolyte layer is formed by using a gel electro- 
ns lyte composed of polymer in which hexafluoropolypropylene is copolymerized at a ratio which is lower than 8 wt% 

with respect to polyvinylidene fluoride. 

5. A solid electrolyte battery according to claim 4, wherein said solid electrolyte layer is formed by using a gel electro- 
lyte composed of polymer in which hexafluoropolypropylene is block-copolymerized at a ratio not less than 3 wt% 

30 nor more than 7.5 wt% with respect to polyvinylidene fluoride. 

6. A solid electrolyte battery according to claim 1 , wherein said positive-electrode active material is prepared by using 
composite lithium oxide mainly composed of Li x M0 2 (where M is one or more types of transition metal, preferably 
Co, Ni or Mn and x varies depending on a state of charging/discharging of said battery and satisfies 0.05 < x <, 

35 1.12). 

7. A solid electrolyte battery according to claim 1 , wherein said negative-electrode active material is a material which 
is capable of doping/dedoping lithium. 

40 8. A solid electrolyte battery according to claim 7, wherein said material which is capable of doping/dedoping lithium 
is at least one material selected from a group consisting of graphite, a non-graphitizable carbon material and a 
graphitizable carbon material. 

9. A solid electrolyte battery according to claim 1 , wherein said wound electrode is encapsulated by a laminated films. 
45 and a lead of said positive electrode and a lead of said negative electrode connected to said wound electrode are 

drawn out to the outside portion of said laminated films. 

10. A solid electrolyte battery comprising: 

50 a wound electrode incorporating a positive electrode incorporating an elongated positive-electrode collector 

having two sides on which positive-electrode active material layers are formed, a negative electrode incorpo- 
rating an elongated negative-electrode collector having two sides on which negative-electrode active material 
layers are formed and a solid electrolyte layer formed between said positive electrode and said negative elec- 
trode such that said positive electrode and said negative electrode are laminated and wound through a sepa- 

55 rator, wherein 

when an assumption is made that the total thickness of a pair of said positive-electrode active material layers 
formed on the two sides of said collector for said positive electrode is total film thickness A and the total thick- 
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ness of a pair of said negative-electrode active material layers formed on the two sides of said collector for said 
negative electrode is total thickness B, 

the total film thickness A of said positive-electrode active material layers satisfies a range from 60 jim to 150 
5 urn, and ratio A/B of the total film thickness A of said positive-electrode active material layers with respect to 

the total thickness B of said negative-electrode active material layers satisfies a range from 0.5 to 1 .2. 

1 1 . A solid electrolyte battery according to claim 10, wherein said solid electrolyte layer is formed by using a gel elec- 
trolyte composed of polyvinylidene fluoride and copolymer of polyvinylidene fluoride. 

w 

12. A solid electrolyte battery according to claim 10, wherein said solid electrolyte layer is formed by using a gel elec- 
trolyte composed of copolymer of polyvinylidene fluoride and hexafluoropolypropylene. 

13. A solid electrolyte battery according to claim 10, wherein said solid electrolyte layer is formed by using a gel elec- 
15 trolyte composed of polymer in which hexafluoropolypropylene is copolymerized at a ratio which is lower than 8 

wt% with respect to polyvinylidene fluoride. 

14. A solid electrolyte battery according to claim 13, wherein said solid electrolyte layer is formed by using a gel elec- 
trolyte composed of polymer in which hexafluoropolypropylene is block-copolymerized at a ratio not less than 3 

20 wt% nor more than 7.5 wt% with respect to polyvinylidene fluoride. 

15. A solid electrolyte battery according to claim 10, wherein said positive-electrode active material is prepared by 
using composite lithium oxide mainly composed of Li x M0 2 (where M is one or more types of transition metal, pref- 
erably Co, Ni or Mn and x varies depending on a state of charging/discharging of said battery and satisfies 0.05 <, 

25 X<1.12). 

1 6. A solid electrolyte battery according to claim 1 0, wherein said negative-electrode active material is a material which 
is capable of doping/dedoping lithium. 

30 1 7. A solid electrolyte battery according to claim 1 6, wherein said material which is capable of doping/dedoping lithium 
is at least one material selected from a group consisting of graphite, a non-graphitizable carbon material and a 
graphitizable carbon material. 

18. A solid electrolyte battery according to claim 10, wherein said wound electrode is encapsulated by a laminated 
35 films, and a lead of said positive electrode and a lead of said negative electrode connected to said wound electrode 
are drawn out to the outside portion of said laminated films. 



40 
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